In this Brief Report, we use the exponential explicitly correlated variational basis set of the type exp(−α n R − β n r 1 − γ n r 2 ) to calculate systematically the nonrelativistic bound-state energies for the hydrogen molecular ion HT + . We perform calculations for the states of the total orbital angular momentum L = 0 and 1 with the complete set of vibrational quantum numbers v = 0-23, as well as for the states of L = 2-5 and v = 0-5. The E1 dipole transition moments, which are of importance for the planning of spectroscopic laser experiments, have been obtained as well.
I. INTRODUCTION
In recent years, the precision theoretical study of H + 2 and HD + hydrogen molecular ions has been performed [1] with the aim of improved determination of m e /m p , the proton-toelectron mass ratio [2, 3] via rovibrational spectroscopy. The latest experimental results [4] demonstrate the feasibility of this project.
In our paper, we want to address another problem, which is also related to the precision spectroscopy of hydrogen molecular ions, namely, to study properties of the triton, the heaviest hydrogen isotope, which is known with lower accuracy than other hydrogen isotopes [5] . Thus, the atomic mass of triton has a relative uncertainty of 8.3 × 10 −10 , while the atomic masses of other nuclei are typically known with accuracy one order of magnitude higher.
The HT + molecular ion has been studied numerically since the 1970s [6, 7] . The most recent work is the numerical nonrelativistic calculation of all the vibrational states with the total orbital momentum L = 0 [8] . The major aim of our paper is to extend these calculations to a wide range of states and with a numerical fractional accuracy of less than 10 −14 . To this end, we will use a very accurate variational approximation based on Slater wave functions with nonlinear parameters in exponentials generated in a quasirandom way [9] .
For the design of experiments, it is also important to know the dipole transition matrix elements. They may be used to evaluate the strengths of one-and two-photon transitions. We calculate the dipole moments for all the transitions between the states within the range L = 0-5 and v = 0-5.
II. VARIATIONAL WAVE FUNCTION
We adopt the following notation for the coordinate system of the three particles. Coordinates R i , i = 1,2,3, are position vectors of the triton, proton, and electron, respectively, in the center-of-mass frame. The vector R = R 2 − R 1 is a relative position of the proton with respect to the triton, while r 1 and r 2 are the relative positions of the electron with respect to triton and proton. Atomic units are used throughout: m e =h = e = 1.
The variational bound-state wave functions were calculated by solving the three-body Schrödinger equation with Coulomb interaction using the variational approach based on the exponential expansion with randomly chosen exponents. This approach has been discussed in a variety of works [10] [11] [12] . Details and particular strategy of choice of the variational nonlinear parameters and basis structure that have been used in the this Brief Report can be found in [9] .
Briefly, the wave function for a state with a total orbital angular momentum L and of a total spatial parity π = (−1) L is expanded as follows:
where the complex exponents α,β,γ are generated in a pseudorandom way. When exponents α n , β n , and γ n are real, the method reveals slow convergence for molecular-type Coulomb systems. Thus, the use of complex exponents allows us to reproduce the oscillatory behavior of the vibrational part of the wave function and to improve convergence [9, 12] . In numerical calculations, the CODATA06 recommended values [5] have been used for the masses of a proton and triton, namely, m p = 1836.152 672 47 m e and m t = 5496.921 526 9 m e . Tables I  and II . All the digits presented are converged. Thus, we claim that the accuracy of about 10 −14 -10 −15 a.u. is achieved. This precision is sufficient for making accurate theoretical predictions for transition frequencies in rovibrational spectroscopy of the HT + molecular ion. Higher-order contributions, such as leading-order relativistic and radiative corrections, are in progress. Analysis of the computed results shows that a good candidate transition for high-resolution spectroscopy is
III. RESULTS

Numerical results of calculations are shown in
(1,0) (0,1) −5.462 50 5.666 199 1 . This transition starts from (v ,L ) = (0,1), where a significant population fraction can be in thermal equilibrium at 300 K, or into where one can pump the molecules. The detuning is sufficiently small to allow a two-photon Doppler free excitation with sufficiently high excitation probability for available laser power, and the number of hyperfine lines in the spectrum will be modest as compared to transitions between states with larger L, leading to a relatively simple spectrum. Lasers at 5.66 µm are commercially available (quantum cascade lasers). Table III compares our results with recent calculations performed in [8] . The difference in energies due to replacement of CODATA02 to CODATA06 values has been evaluated and our estimate is ∼10 −11 a.u. In the rightmost columns, we present our calculations with 10 significant digits and the length of the corresponding basis set. As may be seen, with an increase of vibrational quantum number, a disagreement between two calculations is growing and is about 10 −8 a.u. for last vibrational states. We attribute this to insufficient flexibility of the Gaussian variational wave functions used in [8] , especially for the states with 22 to 23 nodes.
In Table IV, 
This may be used in evaluation of the intensities of various transitions both for a one-and two-photon spectroscopy.
TABLE II. Nonrelativistic energies (in a.u.) of the rovibrational states for L = 2-5 (in a.u.). N is the number of basis functions used. 
